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Introduction
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Toxoplasmosis is a globally distributed zoonosis and an estimated one-third of the world's 44 population is exposed to Toxoplasma (Robert-Gangneux & Darde, 2012) . The infection can 45 lead to abortions in pregnant women and neurological abnormalities in congenitally infected 46 children. Toxoplasma infection in immunocompetent individuals is typically asymptomatic, but 47 flu-like symptoms, such as swollen lymph glands, fever and/or muscle aches, may occur. The
48
European Food Safety Authority (EFSA) has recognized toxoplasmosis as a parasitic zoonosis 49 with a high incidence in humans and requiring representative data in Europe (EFSA, 2007) . the blood and tissue samples of slaughter pigs (Gamble et al., 2005; Hill et al., 2006; Ranucci 67 et al., 2012; Basso et al., 2013; Steinparzer et al., 2015; Papatsiros et al., 2016) . ELISA tests, 68 which can be semi-automated, are cost-effective and convenient diagnostic tools for large-scale 69 screening. The levels of Toxoplasma gondii -specific IgG are lower in meat juice compared to 70 serum and to compensate this, a lower dilution factor is used for the meat juice samples (Forbes 71 et al., 2012; Wallander et al., 2015a) . However, the specific antibody levels in meat juice 72 depend on the muscle chosen for sampling (Forbes et al., 2012; Wallander et al., 2015a) . Meat 73 juice is a matrix easily available from pigs at slaughter, and can also be used for the detection 74 of other public health hazards such as salmonellae, pathogenic yersiniae and trichinellae (Felin 75 et al., 2015) .
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Previous studies have shown that serological methods are not standardised giving different 78 results (Garcia et al., 2006; Steinparzer et al., 2015) . The aim of our study was to compare 79 commercially available ELISA kits for detecting Toxoplasma antibodies in the meat juice of 80 naturally infected fattening pigs. The sensitivity and specificity of these tests were additionally 81 evaluated with a commercial MAT as the reference method.
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Material and methods
85
Ninety meat juice samples from the diaphragm tissue of 5-7-month-old pigs studied with
86
PrioCHECK® Toxoplasma (Prionics AG, Zurich, Switzerland) were selected from the study of Tests I and IV are designed solely for pigs using a peroxidase-labelled Anti-pig IgG antibody.
98
Tests II and III, which use a multi-species horseradish peroxidase to detect IgG antibodies, can 99 also be used on other animals (certain ruminants and pets). Test V, a commercial MAT
100
(ToxoScreen DA® test kit, Biomerieux, France) was used as a reference method for the 101 sensitivity and specificity testing. All samples studied with MAT were tested in two dilutions: Comparison is challenging as no reference method with 100% sensitivity and specificity is 142 available for large-scale testing. A modified agglutination test (MAT) was used as the reference 143 test in our study. It has also been used as the reference method in some earlier studies (Forbers 144 et al., 2012; Steinparzer et al., 2015; Wallander et al., 2015b) . MAT has been shown to work 145 even for meat juice from pigs with low antibody levels (Forbes et al., 2012) . The utilised ELISA 146 tests were easy to carry out and none required several-hour incubation periods, as the reference 147 MAT method does. Meat juice samples from the diaphragm were utilised instead of blood 148 samples because the diaphragm samples are used for trichinellae testing in meat inspection and 149 sampling is thus easy to carry out (Ranucci et al., 2012; Felin et al., 2015) . Diaphragm meat 150 juice has been shown to be suitable for serological assays, but samples with low antibody levels 151 can be unreliable (Ranucci et al., 2012; Wallander et al., 2015a) . (Table 1 ). The antigen used in the test can affect the sensitivity, but this 173 was not observed in our study. Gamble et al. (2005) reported that the test sensitivity decreases 174 when the crude tachyzoite antigen is replaced with a commercial P30 antigen. Basso et al.
175
(2013) reported slightly lower sensitivity for in-house ELISA test using P30 antigen compared 176 to whole tachyzoite antigen ELISA (Test I). In our study, test III was the only one using P30 177 antigen. We acquired very similar S/P values from tests I and III and the differences in 178 sensitivity and specificity between these tests resulted mostly from different cut-offs 179 recommended by manufacturers.
181
The sensitivity, specificity, accuracy and Kappa value of the ELISA tests were determined (Gamble et al., 2005; Forbes et al., 2012; Ranucci et al., 2012; Wallander et al., 2015a) .
213
The new cut-off 0.2 lowers the apparent seroprevalence in large fattening farms observed in our 214 previous study (2015) , when five previously positive samples are re-rated as negative. These 215 five samples were also negative when tested with other tests used in present study. However, 216 three out of these five samples had slightly raised S/P values also with tests II and III. We Mabey, D., Poole, F., Smith, P. G., Sriram, N., Wongsrichanalai, C., Linke, R., O'Brien, 287 R., Perkins, M., Cunningham, J., Matsoso, P., Nathanson, C. M., Olliaro, P., Peeling, R. 
